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5v & &«<ofi« t*- a a: -en -maj^-r 

i£fl^ftt*-A a- -£Mti%VZ>M®WXjiX- b RXf 
LTWD M«#3fc£4u£ L .1 *l£_tJEiiJ:>J 

IEWD Mft^t £ US 1 XtfW 2 nftWttZimti #t* 

ttf£JsSlci3tf-.g> JilEIg 1 <o»«MW)^r? Wl/ft*-* 

■5 ic-f 

±E» 2 0#dgft#*_hiEi*fIJi*>£ 
A. 

[|ft**-2 3 W#JH 1 WEaos^f-AT&oT , ± 

- b\,z>U Tx^m.Z&te-t&3 i ®t 

±f E^' ? * - 9 JiilE^ <-f TXWS&X'fo h A . 

[ff*J53 ] fs*« i ciem^^^xAT^^-c . 
iie^ -c 7 ^ - ? {±±ie#3tT ■•/ t- *— * & 

jja^ 7 * - 9 i±±ie=&3feisitssc7)f m x°b h f 

A. 

[fft*JS5] if;£«4CiESi?>^XxAT-£>^T. 
mjcmtfb-TZtltzb-T7T-(^b. x-yrft&to 

jj-tzxmt . ±i&K>'7 , 3££--ties8 1 *&i*jje» 2 

±iE# H-r 7 r -f A<0»2 WMNSd fL^ft-^t- 

^imt^)V^-rv9^r<r>^ f Kh^- h'vgaau 

$IJ{I|)£*U>:'X7 1 A. 

[ it 6 ] IS^ 1 ClES^X-r AT**> o T . 



l^ixu>yb?rtt^ri/'f k, BSBtTU 

±.m\m^mt. iwrn^^btv^- 9 omoit 
0 \z±_w*7* -9 %wm- h 

a. 

(T>y * bir 4 "r9 9 b 3r£v^ 
^^CO^-^C^S J: o \,Z±M>*7*-9 zum-th 
[ If 3£S 9 ] if im 1 tlEKcT) i/^fAT'i) o T . 

z5.mzm%&mmnob->mmz£ ^mth^wt. 
zmzffiz.. 

[if*« 1 0 ] flf 3?is 1 iztm^x^x-h^x . 

±M&^mmt±Mtt^)V^7-\s9+rcr>%-Xh-#- b 
t ZmftmzmWi-t&tzibcr>imco%:7 r ■< A'JItffl 

tWty r 4 J<.<D&« {4^ 1 &t*35 2<07r>f>'N*i:i^gl 

xim 2(07?^ /<*%immizmwi-t&fta*9 9 1 
[ffi-j^ii] zti^tmwm^z&vhmwx-b 

V- ^±IE$iJffll«-f-C« r^V ^T^t$ itX &tt&mi. 

±f£WD Mfi-sf^£§H-.r l S.^ 2 o*Hit*fc: 

■frm-t hit b— AX7' U -y ^ t: » 

±iE^ 1 ^H&ftSr^t-eoX'*.? b^zr^-^ 'J >^ 
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[ fs#js 1 2 1 it im 1 1 \,z%m<7>mwx'h -» x . 

i w 1 3 1 mm 1 1 {cieao^s-c-fc o r , 
o » ^ifiesiof «#*>'±ie®jfflift-^^ ct ~> x mm 

^Oft-^tb- A Zifc&ftm&m. LX% h WD Mfl## 

i£g i ^rnmrn^ 2 o^^stcscg $ tizxtem® 

±12181 2 tf)SgJHigJt*:WD Mfi-WcS-? £ =8-^ * * 
t>±MM 2 CDS^'MSM"^ tz#>co%S 1 Willis t , _t!E 

[f&^lfSffl&t&Bjn 
[000 1 ] 

[?&BJl<7)«-f 1 -HRWlcfcJfciHW 

[0002] 3eiiftv-XxAO^i-ft$:ll^^i6c7)ft 
$S£:LT. WtikfrM&M (Wavelength-Division Multip 
lexing: WDM) \zmt&tt&tf&MZ'fTloixX^& . 
WDMfcx^b'^A^ijn^r^/N'tifilS (EDFA) t 
^m^h^h Z. t lz «fc 0 . ^*Tfio«gggtc7)3t31 

[0003 J 

[^*£7)SW] ft*, i^ft^fcs 3«iak. 

A^jB^ftTl^. C<^XxA£WDM#iSffl£;*X& 
ildJiJi. SvHc^i>fe*c7)fi-^tb*-A5r-e 

A$r^^»-SiJ^a tT WD M«^tSr^ L Cl ^W D M 

[0004] *-e;kf-7 , w^1fiid«fir< t i 1 o<JDiti;b 
*-H£*rLTi3»K ClixlCiOai^^^WDMfi-f- 



ZCQX olzWDMtimm2tl&i'A ; rMz&\,^X 

XTA^^fi^TTtgtC'Srl. . 
[0005] 

[fSW58feLJ:oi:i-SIIB] WDMrffitJflSfi.*^ 

m$t>r>«7>x\ %B.m^m^tih^Dmm^rmz 

[0006)-^ ^ejMS&^+KE d f a £qrr & 

>7-<o«wtt$-» & z t tm^tth . 

[0007] i-5"C. *^<0BW{±. WDMfl-5§« 

o %isXTMzmm^m%ft'*7-®iw%s;&i&®:-t & 

ZtX'hh. 
[0008] 

&mmtzm-&?z>mmmz3rt& ^y-^mm^ti 
£>. ^izm^^Wi^com^t^—^^tt 

^- h *m t±!aft#^b*-ASr^^s«j#» ltwd 
m^frt^y^^^in^—hiz 

mittMzmifcZ iX±l£WD M«-^3t?r^ 1 ai^m 2 c7)^- 
®Mz-frt$.-?Z>ytv-£.xyo -/ft. ±MZm l 
7tSrg(t±fe«-fi-^tb'-Ac0?*«$r-t-O^t=:fcttS 

i: . It^:-^ 'J >7ZtltzX'<7 hMzm-3£±m&m 
^tb*- AWr7-W &^7^< — ^ Sr^J^I LT± 
1SW D Mfs-*Bfc t fctt ^.^ t»7 -OfflMtt**— ^fcfil^ix 

[0009] *^BJ<Oflfecofin|ffitC J: i: . -5;<X^ix$iJ^ 
^b'-ASrgttT^^N'V-SriieSiJ^lft-^^ao'^-C 
V-^^H^^Oft^b'-A^^^ilJ^fi LTWD 
±KWD Mft-f^Sr^(tc:ix2r^ 1 S.tf!iS2 O^Ufcttc 

•j y^$a^x^^ hM:»^#±ie#$iJ1»fl-^Sr$iJiai 
fC±l5WDMm-^t=*3<tl»>'N' T 7-OfflW14^-^C 

[ooio] ^mcomzmcommizx h t , mvzm 



V s : « n- 
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ISWDM«-^)tS:S(tsm2<7)^i:. t£S51<?>agJi& 

jM8|{±. ±iSWDM«#**±E»l<0««*»4»±e>B 
2 •§> i&MM 1 <O0IS t , ±12*— ? 'J 

*-t-^ -tiess i w&mittimum^ z^Hztuzm 

[00 11] 

14. WDMft^£aJ;>rr4i*ffi«2i;. WDMfl^ 
[0 0 1 2]*7r-f^'M4«0i+Wl WDMfg 
tidS 8 J4 E D F AX$> 4 t . 

[oo 1 33 H2 i±mmm<?>ft$:M$:^-ry°v ■? ? mx 

£-eft-?ftiiJ:*rr4m (mtil J:9k*#V>g£*&) & 
<7m%imi 2 (#l~#m) £1TLTV>4. 3ft*fHII 
12 ( # 1 ~#m ) Itt^tl^tim 1 *A- ( c h . 
DHImff^Kch. m) £*fjELTl^4 . * 

tz. %&tmi2 (#i~#m) *»&as*s*i4fi## 

Oftfttt^it-WlA l—AmlZl&Jg^ftTV^. 

[00 143 5B*«ai 2 (#l-#m) Ji. *ft* 
ft. 4^fe^«ftSrtt^^+ 'J 7f^H±tS U- 
(#l~#m) fc. ±fl-f-lC*^§^ 
-v 'J T#*3E9i LTm^t'-A$raj^f 4ft3£Pi& 1 
6 (#l~#m) fc£3TLT^4. 

[00 1 53 ch. iMch. mc7)ft^3tt'— 
ft-^f-ri^lM 8tC*3V^T^*^fiJ^«§ix. WD 
Mft-f-fti: LTft7T^5i*E&4'\&ai£ft4. 113 

£7> ( a ) suTa3o (b> z^mtzt. wDmm^t 
msmmmzn ft 4 h ivemw&wt^. znx^ 

m3<r> (A) tefS&fil?)*'^ WK fiP*>iH«^2 
tfffl^&WDMff^^X^:? WI-£^LT^4. CI 
£ Tii , a- *>vcr>mmt tr- s v -a^ L ^ t 

[00 1 63 03O (B) ItGtmm^tViV, 

lt^&. &w%t&&8iztii^xmmztt&mk!iiit 



(Amplified Spontaneous Emisson : ASE ) #WDM 
rls&M&ZtiX^h . 

[001 73 ££T\ iiWox^^ Wi/ffilfcP*flfcft5% 

if*f7- 1 ASEy^-cOK/HUi 

#sNR£*tjo-t4. ^snr<t) tsnrj am^nm 

$£&Jtt±m^SNRXti#tCSNRfc^$ix£. 3tSN 
9X'h&. 

[ 0 0 1 8 3 WD Mm^ifcZ&M^&^lZ&tfhmiSi 

ammtLx. vAT<r>2&tfmfkixh. muz. $>& 
^ *Mzm-&3tmQ&&e>t mmf a s e <nw- 

(4. -f-iOf-v ^KOft-f-^t'— A w^ T 7-fvfft-C* : 5r< fill 
^•^^iOft^b'-AWN-v— tctfi^-TS. *ft 

fe, wd Mfi-^ttj ^ & vw— <^**tt#iSffi»"C9J 

N Rti-e-fO^arSftT^iJrT & . 

[ o o 1 9 3 %&Lfc£»tttt (gmmiztui- 
&WMsuR&vtt^mr)mm) z'&hfzMziz. wd 

owe t^JiaiSrfi 1 ^ - i:^* Lv^. 

[ o o 2 o 3 4\ 02 tct o»^Lfcaifi«saj&r 

^ 1M 80^{4!B^-0 C T'^§fl£ «t 3 ^ tc 

[002 1 3 f7/i-f7l/?t 1 8^-*>tcffi^ 

Q^jU XS-IE#P D DT'^£*t& i 7 tcEflW**^- 
C(4. #^i*ft«l 2 

[00223 z\<7>£ o ^mmmizti^xit. 

ttx^MXiO«5fe^^ii>ft-^t'-AOii5fel:{4. + 

[00233 ^m&mm 1 2*»aj*^v-t:o 

V^TOeiftl-^l^Jffll (ALC) <0^#E£WL-CV^i; 
§ ft & W D Mfi-^t K ft t V -<7)ffiM1±*^Krr 

[ 0 0 24 3 8521C. ^itllSS^tt^flJ^a^AS 
Ev<7— ttf-^^HSCIMr&fc*)- (A) IZtjk 

Mfi-^to/N*v-<7)ffl*t1±&r/3tSNR(4f-Y^;i^{c 

I^otLia (I33«0 (B) ) . f-v*^ 



)CID: <JP 409261205A I > 
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[00 2 5] ZtoXi%G3&W&>T>'*5>A&i'A 

o x>-7 r t wzti&^mtftmz tix .ja4 

CO (A) 2WH4CD (B) li7'Jxy7ryXl:ffo/; 

co ( b ) c^siii «t o cfisaMWc** *n>Wzm tv> 

3tSNR#f#£>fl64 ett1l(zB4a (A) IZtf 

[00 2 6] r»JX>7T^«)lO^)*ttl40litfJ6l 
Tc0#Xr-yTa:-i-O. 

( a ) #ft^b*— ACO^V— SrftJMIfctfc^f & . 

(b) ^\*)vmz\£&w& mz-tf&mmiz&v&m 

mSNR : Qffi) s>. 

[0027] ( c ) fswi:»^sN Riznm-rt 

f-A-*;Pcoft-f^t'-AcoM-v-^ti^§-^i£lcfflMW 
d&SfSrSSv s n R tctfj&t h f-* *^co{t-5Bfc t*— a 
co>K7-£}i&J>-§-ti:&. 

[0 0 28] (d) #^*/UomJa,SNR#^L<3: 
££T* (b) &tf (c) COX^-yTSr^Ojl-r. 
£ co 4 o tcT 0 x y 7 r v-x £ P3?t fcff d cole® L ^ 

[ 0 0 2 9 ] H5 i: , *mV} i &mZix2>& 

mzm— coa5W=«pi— «»*wt**tTv>*. M^t 

BlfMcOM-V-cofflMttSr^&^t. =&3ft£{I*Hl 2C 
fcwc U-if^-f *- H 1 4 tfajTTTS =*^r U Tftco^ 
v _^jp$ix^. *<Dfc*>fc:, ^ifi^l 2 (# 1- 
#m ) (4. *- H 1 4*VW T^lSJf] 

«|-ri>^i6c0$ijffll^2 0 ( # 1 ~#m ) Sr-etL-fix* 

[ 0 0 3 0 ] =*A- U T5B43fc^f)i3S 1 6 (#l~#m) 

0. ^<x^cofl#3tt'-A{47t7r-<VN'2 2 
m) *^-LTai^$ftl>. 

[0031] %-?)V*?V9*t\ 8(4. fi-^t'-At: 
^ix-fix^t* Jg&coA?!*- M 8 A ( # 1 ~# m ) 
t'J?%:<bl> lO^USM-M 8 B t £WLT^&. 
ADX- M 8 A ( # 1 ~# m ) lzli*ti?ixft7 r * 
A24 (#l~#m) tflfffiSftT^S. *7r^^2 
4 (#l~#m) J4We'it3fc3*??2 6 ( # 1 ~# 
m) tC«fc9#7T^2 2 (#l-#m) Cfi^it: 

[00 3 2] %~7)\/1--r\<'7 J f\ 8(4, h 1 8 

A (#l~#m) tZZtlftl&l&Ztltlch. li'f.c 
h. mc0fI^£&JI#S^«LTWDMfi^£4y£ 
WDM«-9*liaS*Jtf-M8B*»^3e7T>f^ 
2 8£ttLTffi&{^ttx^X3 0M*&$ix&. m 



[003 3] x^-f ^3 0*»tai*5^WDM«'9* 
3fc#7*7 (^t'-Axril •/ * ) 3 2 CO;*?— h 3 2 
AM£*SSft&. 3b&:r?3 2li!tf-h3 2A'\.«te£ 
ftfc#£Wi.l«J«lt 2 0:1 T'^ 1 &t«S 2 cO^-Ufct 

[00 34 ] tf—V3 2&lZ\t%7T4^&M8&4 (M 

i mm) tmrnztiz . h 3 2 ct4x^ 

;?3 4fciSfftWcl££ES;ft.T^£. *HJW*tc:fcv.T. 

4: 9iffl$ii3£$*il>i§iti-£-£*. ft? -r /L-^sgco 
ffeco^^a5fp$-^LT^$n^%^?r^Oo 
[0035] hJl-*-? 3 4t4. fl-^ftt— Aco 

ifcRA l-Am^r-irtf^tCJott^A^^cox^^ 
jt;? 0 ZWKhmtft*?? 3 2-C'^HS 

§fi*:WD Mfi-^T'S> S . 

[0036] #JffilH]8&3 6t4. X^h;^— ^3 41; 
^•>7-coffl*ttt3& { - felzUfctih 4 a fcrf ^» tztfxvfflm 

msrz^^i^zft-ft-rh. fflwm^n&tufflwm 

f20 (#l~#m) MH£S*t*. 
[0037] 06{4X^7h;P^&— fco&imt&MmZ 
^•rilT'S>-&. CC0t-^(4H5C0X'<^ h;u^e— ^3 

(4. ^^-^^^Sr#tf*#:38h. *f*38tft 
l5tW^ft^>^ft-^Ma0K4Oi:Srfii^-rv^„ * 
f*38t4. 3tA;b£5£{t&0#r*8^4 2^ [a]*ft&^4 
2^C0Alt^l6'5r^iEt--&^c0X^-v-^4 4 t . 0tff 
t&^4 2*^co@Sf3t2T^S^.^-r^O/E3>'M' 

[0 0 38] O/E 3 ^4 6CD&j}iE^-l±m^%k 

ttftetz&?zmm>m^t8ms\&4 o^«*&$*i.&. 

(4. 1=1^^4 2 ^c0A&t^<9^fiSff"?-^ COT*. jgac$ 
fL^ (9 C^lE^-ltT 0/E»4 6 cotti* W^<.^$r«i 
tB-T-S.^fclc4o-C, 5tA75COX^ 

ft-^«iaiII8S4 0(4Cco4:p^J!^at=:ta!o-CW 
DMft^lcfcttS#ft-^t'-Acox^7 h;Pf-^ 

[00 39] H7t4X^^hA ; e— ?com2m:tmmi: 

;U^EX^3 4i: L-Cffl</^Cli:* l "C&-5.. 3tA^{4Dfla 
^4 SCiotniJ^-h SixT^tSB^ 5 0^«*&$ 

T(4. Mtm*lz£r ) ftX2tit:X$:5tlfZ>GLmzm®t 
c03t/^^xl'^yh54AS:^rri>S3KTl^^ 5 
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T*5H $ * 4>iX"C j^Stw/S t Tt^aa^x y r- 5 4 A 
[0040] ^Ht^iXJt^eM^ti^ 
fcrti, Il/^yh54 A^ffi^fa^f&M^frC LT 

Tti. 3eiflrc*aswc«ffl8ft-***i- 3—1. 5 

H7l/'f*CCD (WffiS^F) 

[0041] fi-^-MSlHlS& 5 6\iT\s4 54frt>CDiE^ 

ffl^**6\ -t<^«*^»«0. 0 4JK/nm^ST'J> 
0, TW 5 4fcr*5JtftXP^>'h 54 AOf-yf-Jiifc 

zmauBaw* zb^x^ sincttm 0 . 1 

n mgjgcr)*^? - ^ ^ i: ^T't & . 

[0042] 4". TW 54fcasHt6Xlo<5'h54A 

L» ##S^5 0<0«,K#fi*£D. 4He*^5 0*»4>S 
2oc0XP-p<y h54A2:6ltf^Sr^i:-f 

20/D = 2tan"' (W/2/D/D 
-e#-x.4>it?><50T*, 09i.l£. W=50jum, L=10c 
m, D = 0. 04Jg/nmi: L*:i:#fc:. 0. 072n 
mC7)ftMmZ'&& Z b tfX'Z & . 
[0043] ^tm^5 0 b LTli. I P 

A (Virtually-Imaged Phased- Ar ray ) Sr ffl V h Z b i>X' 
VI PAOftJgtffMiO. 4~0. 8jK/nm-C' 
&££i:j!>>Wr£:ixT*>'K ZtlZm^&ZblzX 

[0044]^ H^$n7t^T'*ifl^SHISS4 OX 
It 5 6 (ilgScf-A- jM/^XS* £ tt^-f & i o t-H* § 

[0045] HtXH5 Sr#S3fC, $Uffll®S&3 6c7)ft#: 

o, *-e/i^ru?iri'8*»6aa3*i*wDMflw* 

1 6^#A*S&?>tf ^£t>x^? WHf-7fclf fco 



[0046] H80 (A) &3ffitbb* ±.&<7)£o% 

WDMfl-Sf-iM:?)*.^? K/t-J&^SixT^S. 
<7)^^ h;Utf-^<7)ffl{i:x^ h;Pt-?3 4A^M 
ffllllISS3 6^ill^ixl>. -eLT^9i.{fH4^ (A) 
§ft&io&TUx:x:7T^x£*Tdi§£t::ti. ^S-f-v 
*;U7);^? r-/H?-:??)te£U-1f *— K 1 4*> 

/^7Xti»:7^-FAy^U, I28tf> (B) 

^ft&J: o Zx-*-? Yfrtf'&hixhi. o \z-?h<r>x-%> 

«T^^:#Sl«EiS Zm^&ZtlzX *)&%,lzffif8.-t&Z 
tWX'Zh. 

[0047] znmmmx'ii. mtetm&fu * 3 
owm^t>tix^&<?>x\ &xmimi 2tmmm'& 

fAM^3 0t <7)ffl<7)%Mmi*M$iQm y r -i'^zX <0 
%Ztl&. BP*>. ftyT4'<22, 242W/2 8tifi3& 
m&yTJrtX'h*). ft3*?9 2 6tz£&X7T4'* 
2 2ms 2 4<7)ttKi£%iizm.LXitZ:ixty<D£Mm±i) i 

[0048] ^-5T^OJ:o^Sf^O{f^o§t3t 
-?W?V9*t 1 8*»4>a^l$n.-&WDMfi^3tlC:i5tt 

K iixtf . 3K3*^^ 2 6c7)PSff^^T x^tzmzm 

mm^se^m^-t^ztiz^^x. wdm(i#^k 

J; *)mz.te7VX->7 r is^ZlEmzIno Z htfX'% 
ho 

[ 0 0 4 9 3 H9 £&m-t2> b , *^*Jjgffl$fL^j^ 
m^0^2HJfe^S3!> i ^SitT^2.. 3\SHft«ll2 (# 

l~#m) A^ffi^§ii^:«^t'-A{±, -eti-P^3t 
7vfW58 (#l~#m) ^M^X^)V^TV 

[00 50] ^M«SS58 (#l~#m) <T)WMmt, 

mm®? 6 0 ( # 1 ~#m ) ^«*&$ni»$ijffli«^<fc 
( # 1 ~# m ) 3 6 izmmznz . 

[0051] BP*>, C vlT'liWD Mft-^tCfctt^SfM 

4coju Txn$iw®mzix&<ox'it%< . **7vf 
[0052] jja^j&njnsssritr v-f-^-^tt. «i 
&iktfmftiiz : g-tz> x o izm^ft-z&ikizm&^mtc 
hteytTbfrhffif&ztih. 

[0053] mftFFfrh%,*Z1\h%<r>^V-\,m$tft 
m&&\,z&tfhWtPilz£'>x®MZlxZ><r>x\ Epjn-r 

hm.&£mm.-t&zbiz£^x. mmmz^itz-tt&z 
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[ o o 5 4 ] n i o 2r#K3-fi, t . xftwummztiz 
*-?5 8 (#i~#m> izztL^titttxitmm&e 

2 (#l~#m) tfmibtlX^Z. 
[0055] 2 ( # 1 ~#m ) \t%ix?i\m 
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